INTRODUCTION
Eelgrass Zostera marina L. meadows provide a wide array of ecological functions that are important in maintaining healthy estuarine and coastal ecosystems. Eelgrass meadows form a basis of primary production that supports ecologically and economically important species (Orth et al. 1984 , Thayer et al. 1984 , Heck et al. 1995 . Over the last decade, Atlantic eelgrass populations have declined due to pollution associated with increased human populations (Kemp et al. 1983 , Short & Burdick 1996 and episodic occurrences of the wasting disease (Short et al. 1986 , den Hartog 1994 , as well as other human-induced and natural disturbances (Short & Wyllie-Echeverria 1996) . Because of the critical role eelgrass habitat plays in estuarine and coastal systems, efforts are under way to prevent further losses and, recently, to restore eelgrass populations to historic distributions . Once eelgrass cover is lost, physical and biological site characteristics may change (Rasmussen 1977 , Christiansen et al. 1981 , Duarte 1995 , Olesen 1996 . Such changes can prevent natural recolonization of historic eelgrass sites even when water quality is adequate. Transplanting can establish eelgrass habitat decades before natural processes might permit recolonization. Eelgrass transplantation has been used to restore habitat as well as to mitigate eelgrass loss or damage on the Atlantic coast of the US (Davis & Short 1997 , Fonseca et al. 1998 .
ABSTRACT: A site-selection model for eelgrass Zostera marina L. ecosystem restoration was developed in the northeastern US to select optimal areas for transplanting eelgrass. The site-selection model synthesizes available historic and literature-based information, reference data, and simple field measurements to identify and prioritize locations for large-scale eelgrass transplantation. Model development was based on the physical and biological characteristics associated with the most successful transplant sites in a mitigation project for the New Hampshire Port Authority. The site-selection process is divided into 3 phases: (1) the first phase uses available environmental information to formulate a preliminary transplant suitability index (PTSI) for pre-screening and eliminating unsuitable sites; (2) the second phase involves field measurements of light availability and bioturbation as well as survival and growth of test transplants at priority sites identified by the PTSI; (3) a transplant suitability index (TSI) score is calculated for each site based on the PTSI and the results of field assessments. The TSI is a multiplicative index that eliminates sites which receive ratings of zero and gives high scores to those sites with the greatest potential for successful transplantation. We applied the TSI post hoc to the New Hampshire Port Project's eelgrass transplant sites, and subsequently the site-selection model was used in an eelgrass restoration project in New Bedford Harbor, Massachusetts. After 2 yr of transplanting, the New Bedford Harbor effort has resulted in success at 62% of the sites planted using the site-selection model. KEY WORDS: Seagrass · Eelgrass · Zostera marina · Restoration · Transplanting · Site-selection
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Seagrass transplant success varies considerably (Thom 1990 , Fonseca 1992 , Davis & Short 1997 , Fonseca et al. 1998 . Of the possible factors that can directly influence the survival of transplanted eelgrass, poor site-selection (Harrison 1990 , Fonseca 1992 has been identified as the major limitation: often sites with insufficient light associated with poor water quality (Zimmerman et al. 1991 , 1995 , Reid et al. 1993 ) are selected. Excess inorganic nitrogen can contribute to reduced light conditions or smothering by macroalgae (Costa et al. 1992 , Short et al. 1995 . Additionally, bioturbation has been shown to be a factor that can greatly reduce the survival and expansion of both naturally occurring (Suchanek 1983 , Philippart 1994 and transplanted (Harrison 1987 , Fonseca et al. 1994 , 1996 , Philippart 1994 , Molenaar & Meinesz 1995 ) seagrass.
A site-selection model would provide scientists and practitioners with a tool for increasing the success of costly transplant efforts. Much of the eelgrass restoration work to date has relied upon the 'best professional judgement' of those with knowledge of the habitat and its requirements. However, as eelgrass transplantation becomes more widely used, the need to optimize the decision-making process for site-selection is clear. Here, we focus on eelgrass habitats in the northeastern US, building on the work of others (Batiuk et al. 1992 , Fonseca et al. 1998 ) and incorporating our transplant experience to develop a quantitative site-selection model based on scientific criteria.
Model development was based on monitoring of eelgrass transplant sites in the Great Bay Estuary (Davis & Short 1997) for the New Hampshire Port Authority Mitigation Project (Port Project). The physical and biological characteristics of the most successful transplanting sites were compiled to formulate the model's parameters (Davis 1999) . Locating and prioritizing areas of potential eelgrass habitat is the essence of transplant site-selection. Potential eelgrass habitat consists of those areas that are currently unvegetated but that have appropriate conditions to support eelgrass. The transplant suitability index (TSI) is designed for the restoration of eelgrass in the northeastern US, in the middle of its latitudinal range; thus its application to other locations and seagrass species will require adjustment. However, the logical development and framework of the model are applicable to other locations and even other habitats.
MATERIALS AND METHODS
Once the goals and geographic boundaries of an eelgrass transplant project are established, site-selection is the next critical step. Our site-selection model has 3 phases: Phase I identifies potential eelgrass habitat by taking advantage of available knowledge, eliminates some sites from further costly consideration before field testing, and yields one of the scores that contribute to the calculation of the TSI. Phase II involves field assessment of the best-scoring areas identified in Phase I. Phase III is the final calculation of the TSI, based on results from Phases I and II.
Phase I: identification of potential eelgrass habitat and PTSI rating. Phase I involves review of available information to select and prioritize potential transplant sites from within the geographic boundaries of the project. In Phase I, information on characteristics of vegetated and unvegetated areas, along with sediment type, wave exposure, depth, and water quality are compiled to identify possible transplanting areas, essentially sites of 'potential eelgrass habitat'. These characteristics contribute to the 'preliminary transplant suitability index' (PTSI), which is used as the first level of screening in site-selection (Table 1) . Information for the PTSI may well be available for many locations in published and unpublished literature; however, if not available, basic field measurements of the various PTSI parameters will have to be done. After the completion of Phase I, a base map is constructed showing areas of existing eelgrass habitat as well as those areas determined to be potential eelgrass habitat and therefore suitable for further investigation as eelgrass transplant sites. Each of the parameters in Phase I receives a rating (Table 1) , and the PTSI score is calculated as the product of these ratings. As a multiplicative index, a zero rating for any parameter drives the PTSI to zero, eliminating the site from further consideration. Sites with higher scores have greater likelihood of being successful transplant sites and are ranked for further TSI evaluation.
Historical eelgrass distribution, the first parameter of Phase I (Table 1) , is recommended by Fonseca et al. (1998) as an important consideration in selecting transplant sites. Eelgrass transplantation does not need to be limited to sites of historical eelgrass distribution. Doing so may result in greater transplant success than in previously unvegetated sites, although the historical cause of eelgrass loss could limit eelgrass reestablishment. Previously vegetated sites receive a PTSI rating of 2 and previously unvegetated sites (or those with no record) receive a rating of 1 (Table 1) . Current eelgrass distribution is important knowledge relative to transplanting activities, because restoration should not be considered at sites where eelgrass already exists. Thus, currently vegetated sites are rated 0, while unvegetated sites are rated 1. If sites historically had eelgrass, but lack it currently, the remainder of the PTSI will point out some of the parameters that may have been responsible for eelgrass loss. If a site has no record of eelgrass, either currently or historically, then application of the remainder of the PTSI will provide an assessment of the site as potential eelgrass habitat.
The distance of a possible transplant site from natural eelgrass beds is calculated using current eelgrass distribution data. This parameter is included to insure that transplanting is taking place outside an area that could be naturally revegetated by seed. If a site is less than 100 m from a natural eelgrass bed, it is considered within the range of natural revegetation, based on Orth et al. (1994) , and receives a rating of 0. If a site is over 100 m from a natural eelgrass bed, it is rated 1.
Sediment grain size has been suggested as an important variable influencing eelgrass growth (Kenworthy & Fonseca 1977 , Short 1987 , 1993 . For the purpose of site-selection, only a general rule can be derived from the literature: that is, if a site is rock or cobble it is rated 0, if the site is > 70% silt/clay it is rated 1, and if it is cobble-free with < 70% silt-clay, it is rated 2, indicating the preferred sediment condition.
Wave exposure is included as a parameter in the PTSI because it has been demonstrated that wave energy can break leaves and uproot plants (Kopp 1999) , which is clearly detrimental to eelgrass transplants (Fonseca et al. 1998) . Several studies have looked at methods for calculating the effect of wave exposure on eelgrass, based on the fetch and wind patterns experienced at any particular site (Kopp et al. 1994 , Murphey & Fonseca 1995 . The relative exposure index (Keddy 1982 , Murphey & Fonseca 1995 ) is a method of predicting gradients in wave exposure based upon wind velocity, directional percent frequency of the wind, and the distance over the water that waves can build (fetch). Unfortunately, an absolute wave exposure limit for eelgrass has not been established, and the available methods for predicting exposure may be insufficient as they do not account for bathymetry (Koch 1999) . For Phase I, we established the wave exposure parameter based on calculation of the relative wave exposure at local eelgrass reference sites using the method of Murphey & Fonseca (1995) . If the wave exposure at a possible transplant site is greater than the mean + 2 SD at the reference sites, the site is rated 0 and eliminated, because of possible excess wave exposure. Otherwise, the site is rated 1.
Water depth is a critical factor limiting the distribution of eelgrass (Dennison 1987 , Short & Neckles 1999 . In the intertidal zone, the depth to which eelgrass can grow is influenced by desiccation and exposure, and in deep water by the amount of light reaching the bottom, which in turn is determined by water quality and clarity. The depths to which eelgrass will grow in estuarine and coastal environments vary widely between locations (Duarte 1991 (Short 1993) ; units for water depth are based on available information, and are not critical as long as they are consistent between measurements and ratings. A rating of 0 is assigned to sites that are too shallow or too deep, a rating of 1 for depths similar to the shallow or deep edges of local reference eelgrass beds, and a rating of 2 for areas with depths near the average depth of local reference beds. Like water depth, water quality is a location-specific parameter, with various types of data suitable to rate water quality for the PTSI, depending on what is available. The water quality parameter can be established from information on phytoplankton abundance, TSS, Secchi disk depth, DIN, TON, requirements of submerged aquatic vegetation total suspended solids (Batiuk et al. 1992 ), or composite water-quality indices (Costa et al. 1996) . In general, the water-quality parameter is given a rating of 0 if water quality is poor, a rating of 1 if water quality is fair, and a rating of 2 if water quality is good. These highly generalized ratings can be translated into specific parameters as seen in the 2 applications (see 'Results and discussion'). Should any of the data layers or information sources listed in Table 1 be lacking, some field work may be needed or that parameter may be dropped from the PTSI but with a resulting loss in predictive power.
The PTSI score is calculated by multiplying the ratings of each parameter in Table 1 ; possible PTSI scores are 0, 1, 2, 4, 8, and 16. Sites with a PTSI of 0 or 1 receive no further consideration for transplanting. Sites with PTSI scores of 2 or greater are ranked; higher numbers indicate better likelihood of transplant success, i.e. better potential eelgrass habitat. Selection of sites for further evaluation in Phase II is based on PTSI score and the number and area of transplant sites ultimately required; only these areas are considered in Phases II and III of the TSI process. The end product of Phase I is a table or map ranking all areas of potential eelgrass habitat within the geographic boundaries of the project (see 'Results and discussion').
Beyond the identification of potential eelgrass habitat, additional factors may also influence the success of eelgrass transplantation and need to be considered, but they are not incorporated into the PTSI. Areas that support shellfish beds and areas of high boat traffic should be identified and excluded as possible transplant sites. Shellfishing and boating are recognized problems for the survival of natural eelgrass beds, and therefore pose a threat to eelgrass transplant efforts. Nutrient stress from excess nutrient loading to the estuary at or near potential transplant sites may impact eelgrass survival (Short & Burdick 1996) , but it is not expressed within the assessments of water quality in Table 1 as relevant data are rarely available.
Phase II: field assessments and test-transplanting.
Phase II includes obtaining site-specific light data, field assessment of bioturbation activity, and monitoring the survival, growth and nitrogen status of eelgrass testtransplants. An adequate number of potential eelgrass habitat sites, determined by high PTSI scores in Phase I, are evaluated to insure sufficient acreage of desirable sites for transplanting. Assessment of light and bioturbation and the effort of test-transplants are not inexpensive, but ultimately save costs by focusing effort and money on full-scale transplanting at the sites with the highest likelihood of success (Fonseca et al. 1998) .
Light is a critical factor in the survival and growth of eelgrass populations (Dennison 1987 , Short et al. 1995 . Reduced light conditions have been implicated in limiting eelgrass metabolic activity, resulting in plant death (Dennison et al. 1993 , Zimmerman et al. 1995 . Seagrasses require a minimum of 20% of surface light to survive (Duarte 1991 , Dennison et al. 1993 ), but greater light levels increase seagrass growth (Short et al. 1995) . Light can be assessed using many different methods, including Secchi disk determinations (Dennison et al. 1993) , measurement of light extinction (Dennison 1987) , and long-term underwater monitoring , Lee & Dunton 1996 . To determine the percent surface irradiance reaching the plants, surface light must be measured for comparison with irradiance at the bottom. Alternatively, the amount of light necessary for eelgrass growth can be determined by comparison with light levels at local, naturally occurring, eelgrass beds.
We recorded bottom light levels (modified ENDECO 174 SSM with a LiCor 4π sensor added: Short et al. 1993 ) for 3 to 4 d at areas with high PTSI scores and at local reference eelgrass beds. One light sensor was placed in a naturally occurring eelgrass bed (in an opening such that it would not be shaded by the plants), and another was moved at 3 to 4 d intervals among those sites with high PTSI scores; the sensors were cleaned every 3 to 4 d. This approach is a quick, reliable method of determining the amount of light reaching the bottom at possible transplant sites relative to a local, natural eelgrass bed. The existence of eelgrass in the naturally occurring bed demonstrates that sufficient light reaches the bottom to support the plants. If light levels (measured at the same time) exceed those at the naturally occurring beds, then transplants have a greater chance to do well. Of course short-term measurements of light may not always be representative, but we have used this method successfully as an indicator of the longer-term light regime. Generally, deployment of light sensors should occur during the most active growing season.
Bioturbation has been documented as an important factor affecting both natural and transplanted eelgrass beds ( Table 2 ). Sites that have been identified as potential eelgrass habitat in Phase I may not support eelgrass due to bioturbation activity . The type and magnitude of bioturbation (Table 2) can be difficult to quantify, and such information is not generally available in routine estuarine monitoring or existing data. Underwater visual (video or diver) surveys can be used to determine to what extent bioturbating organisms (crabs, worms and other fauna) inhabit a site. Epibenthic bioturbating organisms can be easily assessed via quadrat-sampling, while infaunal organism quantification requires core-sampling.
A final and critical step in assessing a site for eelgrass restoration is to conduct a test-transplant, in which the transplants respond to the prevailing environmental conditions and integrate the combination of site-specific factors which might limit their survival and growth. We believe that survival of test transplants provides the best indication of how well a large-scale transplant will succeed at a given site. Fonseca et al. (1998) recommend test-transplanting for projects larger than 0.2 ha, and we have found it to be important in our restorations in New Hampshire and Massachusetts (see 'Results and discussion').
Beyond the assessment of survival itself, measurements of eelgrass growth and leaf nitrogen content in eelgrass from test-transplants give a more detailed picture, distinguishing the likelihood of success among possible transplanting sites. To encompass site-specific differences, these detailed measurements are made relative to the same measurements at 1 or more local reference eelgrass beds. Eelgrass leaf growth is a wellestablished parameter for measuring plant activity, and reflects net photosynthetic aboveground production (Short 1987 , Dennison 1990 . Similarly, the nitrogen content of eelgrass leaf tissue is known to vary depending on nutrients available in the water column and sediments (Short 1987 , Short et al. 1995 ; high nitrogen content can be an indicator of excess nutrient loading (F.T.S. unpubl. data). The inclusion of eelgrass growth metrics and leaf nitrogen content are optional parameters in Phase II, and can be omitted if such analyses are not available; however, some resolution is lost.
For test-transplanting, a sufficient number of sites is recommended to insure that adequate areas receiving a high TSI will emerge. Eelgrass plants for the testtransplanting must come from the same donor site(s) that will be used when full-scale transplantation occurs, and be collected using non-destructive techniques (Davis & Short 1997) . Eelgrass shoots can be test-transplanted using any established method (Fonseca et al. 1998) . We have test-transplanted using the TERFS™ ('transplanting eelgrass remotely with frame systems': registered trademark of the University of New Hampshire) method (Short et al. , 2002 ) and the 'horizontal rhizome method' (Davis & Short 1997) at 0.5 m intervals in 2 × 2 m plots. Survival, shoot growth, and leaf nitrogen may be measured on the test-transplants as early as 4 wk after planting. If time allows, it is recommended that the determination of test-transplant survival be made after a full year to incorporate seasonal site variability that may ultimately impact restoration success.
Phase III: calculating the TSI score. In Phase III, the TSI score is calculated, again as a multiplicative index, for each test-transplant site (Table 3 ). The TSI is determined by combining the results of the PTSI, light measurements, bioturbation assessment, and various parameters that reflect the results of test-transplanting. Every site is assigned a rating for each parameter in Table 3 . First, the PTSI rating is assigned: 0 if the PTSI score is ≤1; 1 if the PTSI is 2 or 4; 2 if the PTSI is ≥ 8. TSI ratings for light are assigned as follows: 0 for light < 20% surface irradiance; 1 for light ≥ 20% surface irradiance (or if no data is available); 2 for light greater than light measured in reference eelgrass beds. The TSI rating for bioturbation is based on the number of bioturbating organisms observed at a site; 0 if abun- Table 2 . Bioturbating organisms known to damage eelgrass transplants or identified as a threat to eelgrass survival dant bioturbators were observed, 1 for the observed presence of bioturbators; 2 if no bioturbating organisms were found. After assessment of the test transplants, 0 is assigned for < 20% survival, 1 for 20 to 40% survival, and 2 for >40% survival of the eelgrass planting units. Eelgrass growth is rated 1 if test transplant growth is less than the mean -1 SD of growth at the reference site, and 2 if it is greater than or equal to the mean -1 SD. That is, the site receives a higher rating if its growth is closer to or exceeds the mean growth of the reference site. One standard deviation provides a lower limit that includes a reasonable number of equivalent samples (84%), indicating sites where transplants could be expected to grow as well as natural beds. The TSI rating of 1 for leaf N values greater than the mean + 2 SD of the reference gives a site a lower rating if nitrogen loading has resulted in an excess accumulation of nitrogen in leaf tissue. Otherwise, this parameter receives a rating of 2. Measures of growth and leaf N are optional aspects of the TSI which provide a finer resolution of the index; for this reason, if data are not available for these parameters, they are scored 1 and do not eliminate a site from further consideration.
The TSI score is calculated as follows: TSI = PTSI × light × bioturbation × survival × growth × leaf N. Some of the parameters in the TSI that are involved in assessment of habitat conditions for eelgrass transplantation are redundant; however, they are included in the formulation to create a more robust index of site suitability. The TSI becomes zero and causes a site to be rejected from further consideration if the PTSI is ≤1, if light is below 20% surface irradiance, if bioturbation is abundant, or if low survival (< 20%) of test-transplants occurred (Table 3) . Sites with the highest TSI score at the end of Phase III are then selected for full-scale eelgrass transplantation. The maximum TSI score possible is 64, although the maximum may be lower if optional parameters are excluded. Sites that receive values < 8 (based on all 6 parameters) are typically rejected.
RESULTS AND DISCUSSION

Two applications of the site-selection model
Post hoc application to the Piscataqua River, New Hampshire
As a first assessment of the site-selection model, the TSI was calculated post hoc on the 5 eelgrass mitigation sites (Fig. 1) . In the Port Project, a 2.52 ha eelgrass transplantation was conducted in the early 1990s. Transplantation initially took place at 5 sites, 2 of which proved successful in creating new eelgrass beds; 3 sites had almost complete failure (Davis & Short 1997) . We compared the predictions of the TSI with the monitored results of the 5 transplant sites.
PTSI for the Port Project: Most of the data required for post hoc application of the PTSI were available from monitoring the Port Project transplant sites, supplemented by long-term eelgrass information for the Great Bay Estuary ( formation (historical and current) has been collected using aerial photography and ground truth assessments since 1980 (Nelson 1981 , Short et al. 1986 , 1993 . The resulting maps became the basis for deciding whether or not the Port Project sites had been previously vegetated. Proximity to natural eelgrass beds was calculated for each of the transplant sites from the available eelgrass distribution data using a Geographic Information System (GIS) ( Table 4) .
Sediment data for this application of the PTSI were collected from the transplant sites prior to transplantation (Table 4) . For the wave-exposure parameter we used eelgrass distribution information (above) to estimate fetch (which was calculated for each site using NOAA navigation charts), and we then compared transplant sites to reference eelgrass beds. Three fetch measurements were used to obtain a mean for each site: greatest fetch, northeast fetch, and northwest fetch. The latter 2 directions were chosen because these are the headings from which the strongest storm winds impact this region. Depth distribution of eelgrass beds, used in determining the water-depth parameter of the PTSI, was measured at transplant sites as well as reference eelgrass beds (Fig. 1) , thereby identifying local depth limits (and replacing the general ratings in Table 1 ) for eelgrass in the Piscataqua River (Table 4 ). The PTSI rating for water quality of the Piscataqua River was based on the Chesapeake Bay determination of 'habitat requirements for SAV' (i.e. 'submerged aquatic vegetation'; Batiuk et al. 1992) , applied to the water-quality information available for the Piscataqua River (Davis 1999) . The site-specific ratings provide a translation of the qualitative general ratings of 'poor, fair, good' in Table 1 . The PTSI ratings for water quality at Parameter (source) PTSI rating Historical eelgrass distribution 1 for previously unvegetated (Short et al. 1986 2 for previously vegetated Current eelgrass distribution 0 for currently vegetated 1 for currently unvegetated Proximity to natural eelgrass beds 0 for <100 m (GIS calculation) 1 for ≥100 m Sediment 0 for rock or cobble (Davis 1999) 1 for > 70% silt/clay 2 for cobble-free with ≤ 70% silt/clay (Table 4 ). In the early 1990s the transplanting sites for the Port Project were chosen using 'best professional judgement'; applying the site-selection model post hoc, all received rather high PTSI scores (Table 5 ). The PTSI analysis of the Port Project transplant sites shows 2 sites with PTSI scores of 16 and 3 sites with scores of 8 (Table 5 ). If one were using the PTSI before a transplanting project, all 5 sites would be selected for Phases II and III (field sampling and TSI scoring) based on their PTSI scores. If this were not a post hoc analysis, we would probably have many additional sites for PTSI evaluation, and most would have been eliminated by the Phase I evaluation.
Field data and test transplanting for the Port Project: Data collection for Phase II of this post hoc analysis was based primarily on Port Project monitoring (Table 6 ). Information on light condition at all 5 sites was monitored with the ENDECO 174 SSM (Davis 1999) . Visual surveys were used before transplanting to determine the extent of bioturbating organisms at all 5 sites; green crabs Carcinus maenas and clam worms Neanthes virens were determined to be the primary bioturbating organisms (Table 2 ). In later monitoring of the Port Project, bioturbation was shown to be one of the primary factors causing transplant failure at some sites (Davis & Short 1997 . Green crab densities greater than 4.0 m -2 significantly reduced transplant survival . In addition to the visual survey, six 9 cm diameter benthic cores were collected from each site and sieved through a 1 mm mesh to quantify clam worms inhabiting the sites; these organisms are a significant source of bioturbation when they occur in densities >1 core -1 (Davis 1999) . Percent survival of eelgrass at the 5 sites was assessed on the transplants themselves (Davis & Short 1997 Tables 3 & 6 ), a rating of 1 when crab densities were 1 to 4 m -2 or N. virens densities were 0.5 to 3 core -1 (present), and a rating of 2 if neither crabs (<1 m -2 ) nor worms (< 0.5 core -1 ) were observed (bioturbation not present).
Percent survival was evaluated after the plants had been in place through the winter. Three sites, Great Bay Fish Pier, Defense Fuels -South, and Defense Fuels -North, had > 40% survival (80, 75, and 95%, respectively) for TSI ratings of 2, while 2 sites, Sprague Pier and Broad Cove, had survival rates of 5 and 1%, respectively (rating 0). Shoot growth was not measured and received a rating of 1. Leaf N received a rating of 2 at all 5 sites (Table 6) .
Post hoc comparison: For comparison of the TSI score with the actual success of transplanting in the Port Project, the maximum achievable score was 32, because growth was not measured (Table 6 ). The TSI scores for Defense Fuels -North and Great Bay Fish Pier were 32 and 16, respectively. These 2 sites were predicted by the TSI to be priority sites for transplanting, and, since this is a post hoc application of the TSI, it can be reported that these 2 sites had the greatest success among all the transplant sites of the Port Project (Davis & Short 1997 . Both sites have shown excellent survival, growth, and expansion of eelgrass. At these sites, the eelgrass, transplanted with 0.5 m spacing, has now expanded and coalesced to form dense beds.
Unfortunately, with 'best professional judgement' as our guide, we also transplanted 3 sites in the Port Project that failed. Defense Fuels -South scored well in the PTSI but low in the TSI because of low light (not greater than the reference sites) and bioturbation. This site received a post hoc TSI score of 8, below the cutoff (<16) for transplantation, and showed no long-term eelgrass survival. Both the Sprague Pier and Broad Cove sites received a TSI of 0, and would have been rejected by the model as transplant sites. The Sprague Pier site would have been rejected because of bioturbation by green crabs (Davis & Short 1997) , and Broad Cove because of bioturbation by clam worms (Davis 1999) . Transplanting at both sites failed due to bioturbation. Overall, the post hoc comparison of the siteselection model predictions to actual Port Project results showed a good match, with all transplanting successes and failures predicted by the TSI.
Application of the TSI to New Bedford Harbor, Massachusetts
In the New Bedford Harbor (NBH) Eelgrass Restoration Project, we used the site-selection model to identify the suitability of sites in New Bedford, Dartmouth, and Fairhaven, Massachusetts, as locations for eelgrass transplanting (Fig. 2) . New Bedford Harbor is a highly impacted industrial estuary that lost much of its eelgrass due to poor water quality resulting from anthropogenic activities. In addition, there has been a high degree of industrial contamination of the sediments (Costa et al. 1996) . Recent improvements in sewage treatment have reversed poor water-quality conditions, making parts of the outer harbor suitable once again for eelgrass growth. The NBH project investigated the best areas for reestablishment of eelgrass habitat in the outer harbor and adjacent Clarks Cove, and initiated a transplanting effort. The NBH project overlapped with our development of the TSI.
NBH is a well-studied estuary, with much historical documentation and long-term monitoring data available (Table 7) . A PTSI was calculated for 20 possible eelgrass transplant sites using existing data (Fig. 2) . Because the timing of information availability overlapped with the window for eelgrass test-transplanting in NBH, we test-transplanted all 20 sites in summer 1998. Even though the TSI evaluation of all NBH sites was not completed until fall 1999, project requirements dictated full-scale transplanting at 4 sites beginning in the spring of that year. Below, we use the site-selection model to evaluate the NBH transplant sites and then compare its predictions to results from our first year of transplanting.
PTSI for New Bedford Harbor: Of the 20 sites evaluated with the PTSI, 16 sites were identified as previously having eelgrass (Costa 1988 , NBH Shellfish Warden pers. comm.) and rated (Table 8) . For the parameters of current eelgrass distribution (Costello 1997) and proximity to natural eelgrass beds (calculated using GIS), all 20 sites received a rating of 1 (Table 8) . Sediment distribution data (Vanesse Hangen Brustlin, Inc. 1996) indicated that all sites had good sediment conditions for eelgrass growth and rated 2. Evaluation of each site for wave-exposure relative to our reference/donor site off West Island (Fig. 2) suggested that none of the 20 sites would experience detrimental wave exposure conditions; all were rated 1. Water depth varied between sites, with 13 of the sites within the best water depth range for eelgrass growth, determined to be -2 to -5 feet (-0.61 to -1.52 m) MLW from assessment of existing eelgrass beds in NBH. These 13 sites were rated 2 for depth, while all other sites were rated 1 because of shallower or deeper water at the site (Tables 7 & 8) . As it turned out, the available water-quality data and the calculated eutrophication index were not ideal for our analysis: the low resolution of the data and offshore location of water quality stations (Costa et al. 1996) meant the results were not directly applicable to our 20 nearshore sites. As a result, we had no data to document nearshore water-quality conditions and assigned all the sites a rating of 1 for water quality. The calculation of the PTSI score from these ratings resulted in 11 NBH sites with a PTSI score of 8 (Table 8) Inc. 1996 , Costa 1988 2 for -2' to -5' MLW 1 for -5' to -6' MLW Water quality: eutrophication index 0 for eutrophication index < 35 (phytoplankton pigments, DIN, TON, Secchi 1 for eutrophication index 35-65 depth, Costa et al. 1996 , Howes et al. 1999 2 for eutrophication index > 65 a Mean at local natural (reference) eelgrass beds (Table 8) , we carried all 20 sites through the entire analysis. In the summer of 1998, we evaluated all the TSI parameters, including 1 mo survival. These parameters, as well as the leaf N content (no growth measurements were made), varied between sites ( Table 9 ). The data in Table 9 were then used to assign ratings based on the criteria in Table 3 . The first parameter for TSI ratings is based on the PTSI, where 11 sites were rated 2; other sites received a rating of 1 (Tables 8 & 9 ). Light was measured relative to irradiance conditions at natural eelgrass beds through comparative deployment of underwater LiCor 4π light sensors at the 15 sites where survival of the test transplants seemed most successful. Project resources, and (at 1 site) heavy use by recreational clam diggers, precluded assessment of light conditions at the 5 remaining sites. Light ranged from 28 to 208% of light at the natural eelgrass bed (Table 9 ). All sites with light greater than the natural bed received a rating of 2. Because in NBH no measurements of light relative to surface irradiance were made, evaluation of sites relative to the 20% surface irradiance criteria (Table 3) was not possible and the sites received a rating of 1.
Bioturbation was evaluated at all 20 NBH sites based on assessment of the presence of the primary local bioturbating organism, the spider crab Libinia spp. (Table 2) . A rating of 0 was given for abundant crabs (densities > 4 m -2 ), 1 was given for crabs present (1 to 4 m -2 ), and 2 for crabs not present (based on . No other type of bioturbation was observed in NBH.
Test-transplanting at each of the 20 sites was conducted using the TERFS™. Test-transplant survival was assessed after 1 mo (Table 9 ). Survival ranged from 0 to 85% and was given a TSI rating of 0, 1, or 2 (Tables 3 & 9) . Growth, one of the optional parameters, was not measured and rated 1. Leaf N data were compared with leaf N content at the reference sites (Tables 3 & 9) .
Calculation of the final TSI score (Phase III) was accomplished by multiplying together the TSI ratings for each site (Table 9 ). Since only 5 of the 6 parameters of the TSI were measured (with growth receiving a default rating of 1 at each site), the highest possible TSI score was 32. For NBH, sites with a TSI score < 8 were not recommended for transplanting based on the 1 mo survival evaluation. Sites with TSI scores ≥16 were considered priority sites for full-scale transplanting. Of the 20 sites, 6 were predicted by the site-selection model to be priority eelgrass transplanting sites: Sites 3, 8, 18, and 20 all received a TSI score of 32; Sites 7 and 9 received a score of 16. However, were the TSI analysis (Table 9 ) to be recalculated with the nowavailable 1 yr transplant survival numbers, Sites 7 and 9 would be eliminated, due to a rating of zero for survival. Comparison of the site-selection model and transplant results for New Bedford Harbor: Full-scale eelgrass transplantation in NBH began in the spring of 1999 with the planting of 4 sites to meet our first-year requirements. TERFS™ were used (160 per half acre [~0.2 ha] site) for full-scale transplantation at Sites 3, 8, 18, and 20, subsequently site choices confirmed by the TSI. Of the 4 sites transplanted in 1999, 2 (Sites 3 and 18) showed excellent eelgrass survival after 3 mo and continue to thrive. The other 2 sites failed. Site 8 experienced an extensive bloom of Codium fragile, a rapidly spreading exotic green algal species. C. fragile smothered the eelgrass transplants at Site 8, eliminating the transplanted bed completely. Some ecological conditions harmful to eelgrass transplants are episodic, and although the test transplants survived at this site, the macroalgal bloom that destroyed the full transplanting was unpredictable. Site 20 lost the majority of eelgrass transplants, but we do not know why. Testtransplants showed 75% survival after 1 yr, but the full transplantation failed, and surviving test-transplants did not live for a second year. Unlike Site 8, we cannot explain the eelgrass loss at Site 20, and will conduct additional test plantings there in the future. Full-scale eelgrass transplantation at locations chosen using the TSI in NBH in 2000 resulted in 1 yr survival at 3 of 4 sites. Considering both years of transplanting, we had an overall transplant success at 5 of 8 sites, or 62%, using the site-selection model.
Overview of the transplant suitability index
In both the Port Project and NBH, some parameters of the TSI provided differentiation while others did not, but we believe that all the parameters can potentially contribute to successful site-selection for transplanting eelgrass. Future applications of the model will probably refine the index. As with evaluation of restoration success , siteselection and the parameters of the TSI require comparison with local, natural, reference beds of eelgrass. Natural beds are dynamic integrators of local conditions, and comparison with these as a reference incorporates into site-selection the inherent variability that must be considered when dealing with living systems. The TSI was developed and tested in the northeastern US, and its application beyond this region requires additional testing and evaluation. However, the approach provides a basis and framework for models applicable to other seagrass species and other regions. 
Conclusions
Overall, our site-selection model resulted in 62% transplant site success in NBH which, although not ideal, is an improvement over previous attempts by ourselves and others in the northeastern US to select multiple eelgrass transplant sites (averaging 25% transplant sucess: Table 10 ). Also, the post hoc analysis of the NH Port Project sites confirmed transplant success at both of the 2 sites chosen by the site-selection model and predicted the 3 failed sites. We believe this is a useful model for site-selection of eelgrass transplant efforts, making the best use of already available information and including the critical step of test-transplanting. No model can account for every eventuality (although other parameters could be incorporated to improve the model), but ours is likely to save money and time when eelgrass transplanting is undertaken. Our site-selection approach could also be applicable to other types of habitat restoration. By incorporating literature, data from reference sites, and simple field measurements, a quantitative assessment of the key factors influencing habitat development could be invaluable when considering the choice of sites for any habitat restoration. 
